Abstract. In this paper we discuss the existence and uniqueness of solutions for the boundary value problem
1. Introduction. In [1] , D. Lauffenburger, R. Aris and K. Keller study the effects of random motility on growth of bacterial populations. Consider a population of bacterial cells confined to a finite region, with a diffusible chemical substrate present in the medium. This substrate is assumed to be the nutrient that is rate limiting for growth, and it is further assumed that it enters the region at a boundary. For simplicity, we consider one-dimensional geometry, with uniform conditions in the transverse dimensions, so that the cells are confined to the region 0_<x_<L. Substrate enters the region at the boundary x=L, and is present there at a constant concentration determined by ambient conditions. We assume Monod's model for the growth of bacterial populations along with exponential nonviability or death. 
In [1] the authors assume F(u)= for u>u and 0 for u<_Uc, where F(uc)=O/x, and compute the steady states of (1.3), (1.4) . That is, they try to solve the nonlinear problem (1.3) , (1.4) by linear techniques. The main purpose of this paper is to show the existence and uniqueness of steady states of (1.3) , (1.4) . Our technique is to apply the global bifurcation theorem of Rabinowitz [5] and the maximum principle [6] . 2. Statements of main results. Consider the steady state problems of (1.3) , (1.4) u
for 0 _< x <_ with boundary condition (2.2) 
We may assume that F(u) satisfies
Our main result is the following theorem. [2] and Butler et al. [3] .
Before we prove our main theorem, we note the following lemmas. LEMMA 3.1. Let (u(x), v(x)) be a solution of (2.1) and (2.2) (ii) If (u,v) (Uo,V0) and xF (1) 
This is a contradiction. Hence we complete the proof. Before we prove the second part of Theorem 2.1, we need to state the local and global bifurcation theorems, respectively, due to Krasnoselskii [4] and Rabinowitz [5] . 
Proof of Theorem 2.1 (ii) (existence). Setting U-u u 0, V= v v 0 in (2.1), we have
It is easy to show that (3.3) has only the trivial solution U----0, V----0. Let B be the By Lemma 3.2, bifurcation does indeed occur for --*, and we obtain a continuous branch of solutions of (3.6) all of which are nontrivial except for the solution (*,0,0). A Lyapunov-Schmidt series expansion of these solution (, U, V) near (*, 0, 0) reveals that we have solutions of (3.6 ) that correspond to the positive solutions of (2.1). In fact, let (3.9) V( x ) ,O,(x) + O ( x ) + O ( x ) + V(x ) #,(x ) + , (x ) + , (x ) + and we find that
, 17"l(X)-V(x) and obviously gl >0 by Theorem 2.1(i).
To complete the proof for the estence part, we need to show that such a solution exists for all > *. Since * is a simple characteristic value of L*, it follows from Lemma 3.3 that there is a continuum C of solutions of (3.6) all of wch are nontrivial except for the solution (*, 0, 0) such that C either is unbounded or contains (, 0, 0) for some n.
Our approach is first to elinate the latter possibility. Let D be the nontrivial + solutions of (2.1) corresponding to C. We claim (3.10) (,u,v)D u>0, v>0 and *.
Since u>0, v >0 near the bifurcation point (*, 1,0) and C is a continuum. If To complete the proof of the efistence part we show that (3.11) A-[*, ). (3.12) .
Consider n as in (3.12) . By the second equation in (2.1) we have (3.13) foiV
Hence we obtain the desired contradiction and (3.11) holds. Q.E.D. Our next step is to show the uniqueness of the nonnegative solution of (2.1), (2.2).
Before we prove it, we present the following lemmas. LEMMA 3.5. Let (Ul,Vl) (U2,V2) be nonnegative solutions of (2.1) and (2.2) with U U 2. Then u =--u2, v I) 2. Proof. Suppose ui->u2 and u u 2. Let O=VE/V . Then from (2.1), (2.2) we have (3.14) Since F(u2)--F(Ul)O from the maximum principle [6] it follows that 0----constant>0. But from (3.14) and u u2, we have a contradiction. Hence u ------u 2 and v --=v2. LiMMA 3.6. Let (Ul,Vl), (U2,V) be nonnegative solutions of (2.1), (2.2) with u u 2. Then the curve y--ul(x ) crosses the curve y--u2(x ) a finite number of times on O<_x<_ 1.
Proof. From Lemma 3.5, the curve Y=Ul(X) must cross the curve y--u2(x) on 0_<x_< 1. Suppose y-ul(x) crosses the curve y=u2(x ) an infinite number of times on 0_<x_< 1. Then there exists {x,)= such that ul(x,)-u2(x,) and there exists aU [0, 1] such that x,--+a as n--+ . Obviously ul(a)=u2(a). Let U(x)=ul(x)-u(x), O<_x<_ 1.
Since for any neighborhood of a, the curve y=Ul(X ) crosses y=u_(x) an infinite
